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Aims At present, there are no guideline recommendations for minimally interrupted use of non-vitamin K antagonist oral
anticoagulants (mi-NOAC) during catheter ablation (CA) for atrial fibrillation (AF). Current evidence is predomi-
nantly based on observational studies, with continuous use of vitamin K antagonist in the control arm. This quanti-
tative summary reflects the first high-level evidence on contemporary regimens, with continuous NOAC use
(c-NOAC) as the current gold standard.

...................................................................................................................................................................................................
Methods
and results

Meta-analysis (Pubmed, Embase, and Web of Science) on prospective, controlled studies comparing contemporary
mi-NOAC (without bridging) with c-NOAC. Net adverse clinical events (major bleeding, thrombo-embolic events)
were the primary outcome. In addition, we analysed total bleeding, minor bleeding, and silent cerebral embolism.
Eight studies (six randomized, two observational) with 2168 patients were summarized. The primary endpoint oc-
curred in 1.0% (18/1835): 1.1% (11/1005) vs. 0.8% (7/830) for the mi-NOAC and c-NOAC groups, respectively;
odds ratio (OR) 1.20 [95% confidence interval (CI) 0.49–2.92, P = 0.64]. The OR for total bleeding on mi-NOAC
was 1.26 (95% CI 0.97–1.63, P = 0.07). ORs for minor bleeding and silent cerebral embolism were 1.17 (95% CI
0.80–1.70, P = 0.34) and 2.62 (95% CI 0.54–12.61, P = 0.12), respectively.

...................................................................................................................................................................................................
Conclusion This synopsis provides a quantitative synthesis of high-level evidence on a contemporary strategy of mi-NOAC in

CA for AF, and overall clinical outcomes were not different from continuous NOAC use. Despite preprocedural
interruption, there was no sign of lower bleeding rates. Additional higher volume datasets are warranted for more
precise treatment effect estimations of this everyday alternative anticoagulation strategy in AF ablation.
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Introduction

Catheter ablation (CA) has become a cornerstone in rhythm control
therapy for atrial fibrillation (AF), and optimization of the procedural
risk-benefit is a key topic of interest.1–3 Real-world registries report
complication rates of up to 6.7%.1–4 As for periprocedural anticoagula-
tion, uninterrupted use of non-vitamin K antagonist oral anticoagulants
(NOACs) has replaced the continuous use of vitamin K antagonists
(VKAs) as the current standard.1–3,5–8 Alternatively, a temporary inter-
ruption of the use of NOACs has been suggested to further improve
procedural safety.9,10 As of yet, there are no guideline recommenda-
tions on this approach, despite accumulating evidence.2,3

Importantly, the class IIa recommendation in the expert consensus
statement to skip one or two NOAC doses prior to CA,1 is primarily
based on observational studies, and with the less contemporary strat-
egy of continuous VKA in the control arm.11–13 At present, the larg-
est dataset on major bleeding rates after different NOAC regimens
during CA for AF concerns a descriptive meta-analysis, with a design
that precludes between-regimen comparisons.14

In terms of level of evidence, randomized controlled studies are
warranted to compare outcomes after minimally interrupted NOAC
use (mi-NOAC) with the current standard. As thrombo-embolic
complications are associated with an eight- to nine-fold increased risk
of mortality, it is important to substantiate the expected safety bene-
fit of a minimally interrupted strategy, in relation to the observed
thrombo-embolic complications.4

The first randomized comparisons with a continuous NOAC strat-
egy (c-NOAC) as control group reported similar outcomes on mi-
NOAC, in modestly sized trials with very low complication rates.9,10

The initial meta-analyses on this issue also included interrupted NOAC
regimens with pre- and/or post-procedural heparin bridging, which is
not a guideline endorsed approach.1–3,11,15,16 In the abovementioned
context, we performed the first systematic review and updated meta-
analysis on outcomes after CA for AF focused on controlled studies of
contemporary mi-NOAC vs. c-NOAC as the reference.

Methods

Data sources and search strategy
This meta-analysis was prospectively registered with the PROSPERO in-
ternational register (CRD42019136982), and performed in accordance
with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.17 Pubmed, Embase, and Web of Science
were systematically searched for publications up to 1 February 2020.
Search terms included but were not limited to AF, catheter ablation, and
non-VKA antagonist oral anticoagulants (Supplementary material online,
Table S1, detailed search strategy).

Selection criteria
Studies meeting the following criteria were eligible for inclusion:

(1) Randomized or non-randomized comparisons of a minimally inter-
rupted vs. a continuous regimen with any NOAC (i.e. apixaban,
dabigatran, rivaroxaban, edoxaban) in the setting of CA for AF.

(2) Outcome data reported both for bleeding and thrombo-embolic
events.

We considered a NOAC strategy minimally interrupted when the
morning dose was held on the day of ablation for twice-daily agents.6,7 In
the landmark trials on once-daily agents, drug intake in the evening before
the day of the procedure was considered a continuous NOAC strat-
egy.5,8 Hence, patients using once-daily agents were considered to be on
a minimally interrupted regimen when the last intake was on the morning
the day before the procedure (Figure 1). To meet the criteria for contem-
porary, endorsed, anticoagulation strategies,1–3 we excluded studies that
included a bridging protocol with (low-molecular weight) heparin.

Endpoint definition
We defined net adverse clinical events (NACE) as the primary endpoint
(major bleeding and/or thrombo-embolic events). Bleeding complications
were considered as major according to the definition in the respective
manuscripts. Thrombo-embolic events consist of a composite of ischae-
mic stroke, systemic embolism, and transient ischaemic attack. As sec-
ondary endpoints, we studied major bleeding and thrombo-embolic
events separately. In addition, we analysed total bleeding, minor bleeding,
and silent cerebral embolism detected on magnetic resonance (MR) im-
aging. Bleeding complications not meeting the respective major bleeding
criteria were considered as minor bleeding complications.

Data extraction and quality assessment
After removal of duplicates, three investigators (S.P.G.v.V., R.H.J.A.V., and
S.W.W.) independently screened all titles and abstracts to identify
records that met the inclusion criteria. We extracted study characteris-
tics (i.e. design), patient characteristics, periprocedural characteristics,
and outcome data using prespecified data collection forms. Risk of bias
was assessed with the Newcastle-Ottawa Scale for observational studies
and the Cochrane Collaboration’s tool for randomized trials.
Disagreements in selection and risk of bias assessment were resolved by
discussion. Events were extracted by the aforementioned investigators
independently and discrepancies were cross-checked to ensure they
matched with the original manuscripts.

Statistical analyses
Pooled treatment effects for binary endpoints were compared using odds
ratios (ORs) and their 95% confidence intervals (CIs). Summary ORs
were estimated using random-effects models and between-study vari-
ance was quantified using the s2 statistic, estimated using the Sidik–

What’s new?

• Minimally interrupted use of non-vitamin K antagonist oral
anticoagulants (NOACs) is an everyday used strategy during
catheter ablation for atrial fibrillation, but the 2020 ESC
guidelines provide no recommendations.

• Most of the available evidence is limited to observational data,
from the era where comparative studies had continuous vitamin
K antagonist in the control arm.

• The present meta-analysis provides the first quantitative
summary of (predominantly) randomized evidence, with
continuous use of NOAC in the control arm, and comparing
two peri-procedural strategies meeting the contemporary
standards (i.e. no bridging).

• Based on currently available evidence, net adverse clinical
outcomes were similar, without indication of lower bleeding
raters with pre-procedural interruption.

• Additional higher volume datasets are warranted for a more
precise estimation of treatment effects.
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Jonkman estimator. Test statistics and CIs were adjusted using the
Hartung–Knapp method. In the case of zero cells (i.e. no outcome
events), a continuity correction was applied by adding 0.5 to all cells of
the contingency table.

We assessed heterogeneity by visual inspection of forest plots, use of
the I2 statistic, and its connected v2 test. Heterogeneity was further inves-
tigated using sensitivity analyses. We prospectively defined sensitivity
analyses, based on study quality, and study design (randomized,
observational).

To present the expected range of true treatment effects for a future
similar study, 95% prediction intervals were calculated. A two-sided
P-value of <0.05 was considered statistically significant. Statistical analyses
were performed with R version 3.6.0 (R Foundation for Statistical
Computing, Vienna, Austria) using the ‘meta’ package.

Results

Study selection
The screening and selection process is shown in Figure 2. We identified
1753 records, of which 1637 were excluded due to duplicate records

or unmet inclusion criteria. Among the 116 full-text articles assessed
for eligibility, eight were included in the current analysis.9,10,18–23

Population and study characteristics
The study, patient and procedural characteristics are displayed in
Tables 1 and 2. Table 1 - please align the number of follow-up days in
the center of the column. Table 2 - please align the text in the column
Preprocedural imaging to the center of the column. Please align the
text in the column Radiofrequency ablation to the center of the col-
umn. Please align the text of the column Protamine use to the center
of the column. Please improve layout of columm Resumption of oral
anticoagulation therapy. Average age varied between 58 and 70 years
and the average CHA2DS2-VASc score varied between 1.6 and 2.8.
Two studies only included patients with paroxysmal AF, in the other
studies, the proportion was at least 57%.

The total study population consists of 2168 patients, with 1233
(56.9%) on mi-NOAC and 935 (43.1%) on c-NOAC. For the mi-
NOAC group, apixaban was most commonly used (n = 556, 45.1%).
Rivaroxaban, dabigatran, and edoxaban were used in 23.2%, 20.2%,
and 11.5% of patients, respectively. For the c-NOAC group,

Figure 1 Definition of periprocedural anticoagulation strategies. Overview of periprocedural anticoagulation strategies according to dosing regi-
men of non-vitamin K antagonist oral anticoagulant.
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proportions were 35.3%, 33.3%, 23.9%, and 7.6% for apixaban, rivar-
oxaban dabigatran, and edoxaban, respectively.

All included controlled studies were prospective in design, six
were randomized trials and two were observational studies. In six
studies the risk of bias was low, in two studies (one randomized, one
observational) risk of bias was considered moderate (Supplementary
material online, Table S2).10,21

Primary endpoint
A total of seven studies reported data on both major bleeding and
thrombo-embolic complications. Overall, the primary endpoint was
observed in 1.0% (18/1835) of the patients. Rates were 1.1% (11/1005)
and 0.8% (7/830) for the mi-NOAC and c-NOAC groups, respectively;
OR 1.20 (95% CI 0.49–2.92, P = 0.64, I2 = 0%), as displayed in Figure 3.

Secondary endpoints
In the seven studies reporting on major bleeding, the overall rate was
0.8% (14/1835), without significant difference between mi-NOAC
and c-NOAC: OR 1.04 (95% CI 0.43–2.51, P = 0.91, I2 = 0%,
Supplementary material online, Figure S1). Cardiac tamponade was
observed in 0.55% (10/1835).

For total bleeding, reported in seven studies, the OR of mi-NOAC
vs. c-NOAC was 1.26 (95% CI 0.97–1.63, P = 0.07, I2 = 0%, Figure 4).
This was paralleled by the six studies reporting on groin bleedings:
4.0% (38/955) vs. 3.0% (23/775) for the mi-NOAC and c-NOAC

strategies, respectively (OR 1.45; 95% CI 0.93–2.28, P = 0.09, I2 =
0%). With regard to minor bleeding, the OR was 1.17 (95% CI 0.80–
1.70, P = 0.34, I2 = 0%, Figure 5).

Thrombo-embolic complications, reported in eight studies, were
observed in 0.3% of the patients (6/2168), OR 1.00 (95% CI 0.59–
1.69, P = 1.00, I2 = 0%, Supplementary material online, Figure S2 ) and
in the three studies with data on silent cerebral embolism, the OR
was 2.62 (95% CI 0.54–12.61, P = 0.12, I2 = 40%, Figure 6).

Sensitivity analyses and bias
Analyses restricted to randomized trials showed similar results: the
OR for the primary endpoint was 1.17 (95% CI 0.39–3.48), without
signs for interaction compared to observational data (P for interac-
tion = 0.90). Also for the secondary endpoints, these analyses
showed similar results.

A sensitivity analysis restricted to the studies with a low risk of bias
showed an OR of 1.38 (95% CI 0.35–5.35, P = 0.12, I2 = 0%) for the
primary endpoint. Visual inspection of the funnel plot did not suggest
publication bias for the primary endpoint (Supplementary material
online, Figure S3).

Discussion

The present meta-analysis was undertaken to provide contemporary,
higher level evidence on outcomes after ablation for AF with use of a
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minimally interrupted NOAC regimen in comparison to the current
gold standard.1–3 Where previous evidence has been limited to ob-
servational studies, and with continuous use of VKA in the control
arm,12,13 the present analysis is based on predominantly randomized
evidence, with continuous NOAC use as the reference. Overall com-
plication rates were low, without a difference in NACE (major bleed-
ing, thrombo-embolic events) between minimally interrupted and
uninterrupted NOAC use. Despite preprocedural interruption,
there were no signs of lower bleeding rates with this alternative
regimen.

This synopsis reflects the first summary of outcomes related to
these two everyday anticoagulation strategies, and provides an initial
impression for our daily decision-making. However, additional, larger
datasets are warranted to address whether a minimally interrupted
regimen confers a potential safety benefit without compromising
thrombo-embolic risk.

Interrupted non-vitamin K antagonist
oral anticoagulant regimens vs. continu-
ous vitamin K antagonist
Hypothetically, a temporal interruption of NOAC intake may reduce
anticoagulant activity at the time of the procedure, and reduce bleed-
ing complications. In the era when continuous VKA was the compara-
tor of interest, meta-analyses on outcomes after interrupted NOAC
regimens were inconclusive and showed trends towards about 20%
lower major bleeding rates, but with point estimates of ORs for
thrombo-embolic complications in the opposite direction.11,24

Importantly, these synopses on interrupted NOAC regimens also in-
cluded non-contemporary regimens with preprocedural discontinua-
tions of up to 48 h.11–13

The most comprehensive available synopsis on major bleeding
rates with different NOAC regimens is a descriptive meta-analysis,
which reported weighted mean incidences for major bleeding of
1.02% for uninterrupted NOAC use, 1.49% for mildly interrupted
NOAC regimes, and 1.17% for interrupted regimes.14 As the vast
majority of the studies in this descriptive meta-analysis had a control
group with VKA use, this precluded comparisons between the differ-
ent NOAC regimens. This also holds true for thrombo-embolic
events, which were 0.46% and 0.16% for mildly interrupted and unin-
terrupted NOAC regimens, respectively.14 Although in absolute
terms this is a small difference, thrombo-embolic complications have
a profound clinical impact, with an eight- to nine-fold higher risk of
mortality, according to a recent, large registry including over 60 000
ablations.4

In this context, controlled comparisons are warranted to substan-
tiate the risk-benefit of a minimally interrupted approach.

Minimally interrupted vs. continuous
non-vitamin K antagonist oral
anticoagulant
The first report on this issue described a subgroup comparison on
511 patients, as part of a larger network meta-analysis.25 A subse-
quent meta-analysis on the impact of a minimally interrupted strategy
reported on all studies with any form of continuous anticoagulation
therapy in the control arm (including VKA) and presented a subgroup
analysis restricted to a comparison with continuous NOAC use.16
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Table 2 Periprocedural characteristics of included studies

Study Year Preprocedural

imaging

Target

ACT (s)

Radiofrequency

ablation (%)

Protamine

use (%)

Resumption of oral anticoagulation therapy

Ando18 2019 TOE 300–350 0 100 Evening after procedure

Nagao19 2019 TOE/CT 300 100 100 Evening after procedure (A) or morning after procedure (Rþ E)

Nakamura20 2019 NR 300–350 0 NR Evening after procedure (uninterrupted group) or

morning after procedure (minimally interrupted group)

Reynolds9 2018 TOE (46%) >300 52 90 Evening after procedure

Vlachos21 2017 TOE 300–400 100 NR Evening after procedure

Yamaji22 2019 NR 300–400 100 100 Evening after procedure (AþD) or morning

after procedure (Rþ E)

Yoshimura102017 TOE >300 100 NR NR

Yu23 2018 TOE/ICE 350–400 100 NR Evening after procedure

A, apixaban; ACT, activated clotting time; CT, computed tomography; D, dabigatran; E, edoxaban; ICE, intracardiac echography; NR, not reported; R, rivaroxaban; TOE, transe-
sophageal echocardiography.

Figure 3 Pooled estimate of primary endpoint in patients on minimally interrupted NOAC vs. continuous NOAC. Primary endpoint: major bleed-
ing or thrombo-embolic events. CI, confidence interval; NOAC, non-vitamin K antagonist oral anticoagulant; OR, odds ratio.

Figure 4 Pooled estimate of total bleeding in patients on minimally interrupted NOAC vs. continuous NOAC. CI, confidence interval; NOAC,
non-vitamin K antagonist oral anticoagulant; OR, odds ratio.
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However, studies with pre- and/or post-procedural bridging were in-
cluded, which is not in line with current recommendations.1–3 This
limitation also applies to the only available meta-analysis that strictly
focused on studies with continuous NOAC use in the control arm.15

Our present analysis not only includes new controlled studies,
with an up-to-date synthesis of all the available (predominantly) ran-
domized head-to-head comparisons, but is also restricted to en-
dorsed regimens of anticoagulation. We found no difference in
NACE between minimally interrupted and continuous use of
NOACs, and sensitivity analyses confirmed the consistency of the
results. This was our primary outcome parameter in view of the low
anticipated number of events, and the rationale that, ideally, the opti-
mal anticoagulation strategy further reduces major bleeding compli-
cations without additional thrombo-embolic complications.

Bleeding rates
Overall, major bleeding rate was 0.8%, without difference between
strategies, and cardiac tamponade accounted for 0.55%.

Considering that major bleeding rates are about 2–3%, with 0.7–
0.8% cardiac tamponade, in the large multicentre randomized landmark
trials comparing different continuous anticoagulation regimens, the

observed rates in the present synopsis are rather low.8,26 This marked
contrast may be related to patient selection, factors related to study or-
ganization/conduct, and centre experience.4 As for the minimally inter-
rupted group, major bleeding rates were lower than in other
reports,11,15,16,24 which may also relate to the exclusion of studies with
bridging. All in all, the abovementioned aspects may have precluded the
detection of significant differences with the currently available evidence.

Interestingly, despite the anticipation that a minimal interruption of
NOAC intake may reduce bleeding complications, current findings
show no indication of (a trend of) lower bleeding rates. In fact, for to-
tal bleeding, we observed an OR of 1.26 (95% CI 0.97–1.63, P = 0.07)
for a minimally interrupted strategy, paralleled by an OR of 1.45 (95%
CI 0.93–2.28, P = 0.09) for groin bleeding.

A potential explanation may be the more unstable anticoagulant
activity with a minimally interrupted NOAC regimen. Pre-procedural
anticoagulant activity will be lower, followed by a steeper rise in activ-
ity after heparin administration, on average requiring a higher dose to
reach the target activated clotting time than with an uninterrupted
regimen.9,20,23 Similarly, after the heparin effect has faded, post-pro-
cedural NOAC resumption will induce a steeper increase in antico-
agulant activity after a minimally interrupted regimen.

Figure 5 Pooled estimate of minor bleeding in patients on minimally interrupted NOAC vs. continuous NOAC. CI, confidence interval; NOAC,
non-vitamin K antagonist oral anticoagulant; OR, odds ratio.

Figure 6 Pooled estimate of silent cerebral embolism in patients on minimally interrupted NOAC vs. continuous NOAC. CI, confidence interval;
NOAC, non-vitamin K antagonist oral anticoagulant; OR, odds ratio.
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Thrombo-embolic complications
In this synopsis, there was a 0.3% complication rate, which is compa-
rable to that observed in the key randomized trials on continuous
anticoagulation therapy in ablation for AF.8,26 In eight controlled stud-
ies with 2168 patients we observed no difference between the
NOAC regimens studied. This is in contrast with the rates observed
in the descriptive meta-analysis on 8362 NOAC users, with 0.46%
thrombo-embolic events for mildly interrupted and 0.16% for unin-
terrupted NOAC regimens.14 As mentioned before, the design of
summarized studies precluded between-regimen comparisons. As
for silent cerebral embolism, we found an OR of 2.62 (95% CI 0.54–
12.61, P = 0.12). Current evidence with focus on MR imaging suggests
that complication rates seem higher in the minimally interrupted
group.15,16 This may be an indication of suboptimal anticoagulant ac-
tivity. However, these analyses often included regimens with heparin
bridging, while switching from anticoagulants is known to increase
complications. Further research is warranted, also because little is
known about the long-term clinical impact of these subclinical events.

Implications
This synopsis of (predominantly) randomized data provides the most
comprehensive available evidence to assess the impact and support
the use of a contemporary minimally interrupted NOAC regimen, in
an era where a continuous NOAC regimen has become the stan-
dard.1–3

On the one hand, bleeding rates and patient numbers in our cur-
rent quantitative summary may have been too low to demonstrate a
safety benefit. On the other hand, our findings may be a first indica-
tion that preprocedural interruption does not reduce bleeding.

In terms of level of evidence, this analysis on controlled studies
summarizes the highest quality of data available, but it reflects 2168
patients. In that context, the aforementioned descriptive meta-
analysis is also very informative, with mean weighted incidences
assessed for different NOAC regimens in 8362 patients.14 Although
limited by lack of a control group, the reported complication rates
form an additional source to guide clinical decision-making.

From a scientific perspective, additional evidence on a minimally
interrupted strategy is warranted for more precise estimations of the
potential risk and benefit for thrombo-embolic and bleeding compli-
cations, respectively. From a practical point of view, however, the or-
ganization and conduct of a randomized controlled trial on this topic
seems somewhat unrealistic, considering the required sample size
with the currently rather low complication rates. In daily practice,
both strategies are likely to yield similar net results in the majority of
patients, when performed in experienced centres, with low compli-
cation rates. Although there was no sign of lower bleeding with pre-
procedural interruption in the group as a whole, it may improve
safety in patients at high risk of bleeding.

Yet, appreciating the aforementioned profound prognostic impact
of a neurological complication after ablation,4 and the fact that an ab-
lation is primarily performed to improve quality of life, it remains im-
portant to collect additional supportive evidence that skipping one or
two doses does not cause harm, for example in specific groups at
higher thrombo-embolic risk. In that context, well-documented data-
sets from national registries, including a broad spectrum of centres
with varying volume load and experience, can provide valuable

information.4 This underscores the need to participate in these regis-
tries and share procedural data. Information from these large-scale
datasets may help further optimize patient-tailored periprocedural
anticoagulation.

In terms of other initiatives to reduce periprocedural complica-
tions, our focus may need to shift towards other strategies to prevent
bleeding such as a more individualized heparin regimen, protocol-
driven strategies of protamine use, and more attention for the timing
of re-initiation of NOAC intake. Notwithstanding these pharmaco-
logical aspects, echo-guided vascular access, methodology of groin
compression, and other non-pharmacological issues are also all of
importance.27

Limitations
Although current data reflects the highest level of currently available
evidence, there are some limitations in terms of generalizability. First,
the majority of studies was single-centre. Second, six of the included
studies were performed in Asian populations, known for their favour-
able response to NOACs, and their higher thrombo-embolic and
bleeding risk than non-Asians.28 From a scientific perspective, how-
ever, a higher risk population is where differences between two dif-
ferent anticoagulation regimens may emerge.

In terms of design, two of the incorporated studies were primarily
undertaken as studies with a laboratory outcome measure, scoring
clinical complications as secondary outcome.18,22 As a general limita-
tion for most meta-analyses on CA for AF, there unfortunately was
no uniform bleeding definition among the studies. Finally, we identi-
fied one study that reported on bleeding and thrombo-embolic
events, according to our prespecified search criteria, but without
reporting major bleeding.20 As such, it could not be used for the pri-
mary endpoint.

Conclusion

This quantitative synopsis summarizes the comprehensive, compara-
tive evidence on a contemporary strategy of minimally interrupted
NOAC use in CA for AF and shows that overall clinical outcomes
were not different from continuous NOAC use. Despite preproce-
dural interruption, there was no sign of lower bleeding rates.
Although this analysis provides higher level evidence than previously
available, additional dedicated, higher volume multicentre studies are
warranted for more precise treatment effect estimations of this ev-
eryday alternative anticoagulation strategy in AF ablation.
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Supplementary material is available at Europace online.
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